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SUMBARY 


To determine the effect of centrifugal force on the 
forced convection heat transfer coefficient, a rotating test 
rig was built, housing a 10" length of 1" pipe. The pipe was 
heated by electrical tubular heating elements. Three tiermo- 
couples gave the temperature of entrance and exit air, and the 
wall. Electrical conPections to the heating elements and the 
thermocouples were mace through a slip ring-brus)) arrangement. 
Cooling air was drawn in by suction through a hollow shaft in 


the slip ring attachment and then through the test section. 


The results obtained were not satisfactory for any 
definite conclusions since the test was mace under transient 
thermal conditions and t!.erefore made the heat losses impossi- 
ble to calculate. The results odtained, however, do tenc to 
Suggest that centrifugal force tends to increase the heat trans- 
fer coefficient. Hodificat’ons to the test rig to establish 
steady state conditions and means for determinine the heat 


losses must te made prior to reachin, any definite conclusions. 
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INTRODUCTION 


The problem of turbine blade cooling is being studied 

Soday by many in the eeronautical Tield, since turbine dlace 
cooling represents the most immediate and positive solution 

of a hich temperature turbine. Reference (a) mentions the 
fact that analytical methods are toc formicable to provide a 
direct solution, and that the enswers to «ll the factors in- 
volved in turbine blade coolins must be derived by experi- 
mental research. It was the object of this experiment to de- 
termine the effect of cantricugal "erce on the foreed convec~ 
tion heat transfer (surface convection) coefficient, one of 


the factors involved in the »roblen. 
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TEST EQUIPMENT 


In order to study the effect of centrifugal force on 
the surface convection coefficient, it was necessary to design 
a rotating test rig. The approaches to the design of such an 
apparatus wore many, but it was decided to rotate a length of 
heated pipe, within and concentric with another larger pipe, 
which was a primary structural member of the apparatus. The 
outer pipe proviced the strength required to withstand the 
centrifugal forces cue to rotation, while housing the test 
section. For balance purposes, two such pipes were necessary. 
In order to rotate the pipes, they were attached to a hub, 
which in turn was keyed to a shaft. A V-delt drive connected 
the shaft to an external power source. The addition of heat 
to the test section and the receiving of temperature measure- 
ments from the test section were mace electrically by means 
of slip ringe and brushes. The end result of the design is 
st:own in Figure 1. the test rif was controiled from the con- 
trol room shown in Pigure 2. 1t shonld be notec that no out- 
sice souree of air was usec, i.¢., from compressor or tank. 
Cooling air was drawn in by suction throujh the hollow shaft 


of the slip ring attachment from the atmosphere. 
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The Test Section 


A 1", nominal size, standard steel pipe was used as 
the test section, having a 1.05" I.D. and a 1.315'0.D. To 
heat the pipe, five "“Chromalox” Inconel sheath, 0.344" dia- 
meter, tubular heating elements were used. Lach element was 
rated 280 watts at 115 volts, with a maximum safe sheath ten- 
perature of 14009 F. The overall length of an element was 15" 
with a heated length of 9.5". The latter cetermined the 
length of the test section, which was 10”. The elemerts were 
strapped symmetrically around the test section as shown in 
Figure 5, in order to provide positive contact between the 
elements ard the test section. The elements were connected 


in parallel. 


Three thermocouples were usec to measure the air, at 
entrance and exit, and the wall. ror the air temperature 
measuring thermocouples, holes were drilled through the hous- 
ing pipe and the test section for outside insertion. These 
thermocouples extended ‘nto the center of the test section 
with the entrance air thermocouple j" in front of the inner 
end of the test section anc the exit air thermocouple 2" in- 
side the outer end. The wall t)ermocourle was inserted through 


@ hole in the outer pipe, midway between the other two, and 
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restod against the wall of the test section. The thermocouple 
wires fitted into a coramic sleeve which oxtended into the 
test section. Ficure 4 is a detailed drawing of the test sec- 


tion. 


The Tost Rig 


The hub was made froma solid plece of SAL 4640 steel 
bar stock, 10” diameter, 8" long. The bar wae hollowed out to 
@ depth of 4.75" and turned down to 9.4", leaving a 2" thick 
rin, 5.5" wide. At the shaft end, the hub was turned dam to 
3.5" with a 2° fillet. 4A 1.5" hole was drilled out for the 
Grill rod shaft. The hub was connected to the shaft by two 
an Allen head set screws fitting into holes drilied 120 de~ 


greece apart through the hub and into the shaft. 
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To aeconodate the housing pipes, two 5.5” holes were 
drilled diametrically opposite each other through the rim of 
the hut. On the inner portion of the rim, 4.5" eut outs were 
made, concentric with the 3.5" holes, in order to present a 
flat surface for the holcin,; screw caps. The housing pipes 
were 5" nowlnal size, extra strong, steel pipes, having a 2.9" 
I.U. and a 5.5" 0.D. They were 27" long. The inside ends of 


the pipes, those fitting into the tub, were threaded on the 
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outeide with 2" of 10/inch Acme throads; the outside ends had 


2" of 1O/ineh V threads. 


Four special holding screw caps were mace. Two had 
Acwe threads, anc two had Y threads. they were mace from 
4.25" round steel bar stock. Lach cap was 4" indiameter, 2” 
long, with 1° of inside threads. The other 1" of length pro=- 
vided a g" undercut for threading purposes enc a ¥" thiek wall 
at the end of the cap. Through this wall, e 1.05" hole was 
@rilled to conform to the test section diameter. The caps 
were usec as centering Cevices by turning cown the wall from 
the inside to 1.25” diameter for a 2" depth, concentric with 


the 1.05" hole. 


The Test arn 


The test arm is the pipe housing the test section. 
It is shown in Figure 5. Since the test section was only 10" 
long, it was neceasary to provide some means of centoring it 
and holding it in place. This was done by using short lengths 
of 1" pipe and ceramic tubing. The ceramic tubin), wes a 
mechineable ceramic, called Aleimar 222, having a compressive 
strength of 25,000 psi and a thermal conductivity of .005 


gercal x om thick / om’ x sec x °C. The ceranic insulation 
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at the ends of the tost section was built up from 3 tube sizos 
available. They were cemented together with porcelain cement, 
so that a tube with a 1.05" I.)., 2.9" 0.b., and 1.5" long in- 
sulated the test section at each enc. Five holes of 0.344" 
diameter wore drilled out to allow the cold onds of the heate- 
ing elements to pass through, as shown in Figure 3. ‘The photo- 
graph also shows how the encs of the test seotion were turned 
down to 1.25" 3.0. for a 4” length. These ends fitted into ,” 
deep shoulders in the ceramic tubing, sivilar to the shoulders 
in each cap. Completing the cover betwoen the two onc ceramic 


tubes was ome tube 8" long with a 2.5" 1.2. and a 2.9" 0.0. 


In order to place the test section as far out as pos- 
sible from the center of rotation, tut still contain it within 
the housing, a short 4.25" section ef 1" pipe was used, surned 
down at the encs to fit into the shoulders of the cap and the 
ceramio tuve. tn this short section of pipe, a bumper was 
tuilt. This consisted of a 2.5" diameter circular steel ring, 
3/16" wide, welded to the pipe. On the side of the terminal 
comnections, a ? wide ring of fiber beomd ineviated the termi- 
nal encs from the steel bumper. The purpose of the bumper was 
to prevent the outwarc movement of the heating elements during 


rotation. 


~ oe 


weet whe Co ae? GF SRA of = fteee Gee off Ge ghoe aut! de 
ee ete oe Gel = keene Opa gett jeleal berp 
vet el “Lee pote “Wed gullet "el @ eee eae @ eee ao 

"HLS bel ort! Jem time de mibbowe beet wid Snrntes 
ee Le amr Ges F MeLig OF MALL fer tetoweth 
ene AE OE ett ie mn Oe CEP pee oS Seer ad 
Aarne Tee mnie Ate mee te oe a ms Le remy 
Sel NES ate emt Aten De ret ek Rh ot om 
Le met oh TAP aout baw me 4 pee awe 
Set Le AP ee em mes a gt ak pms a 

Tot WS 6 ew ies a 6 dite pl Dad a aes 


oy oe te a be irene rr ak) conde of vee « 
vithie Hf etehers ihren me jaolteros Oe mnane eat aed olde 
Serer re ber bgig “1 & ee Apres “UE. Hee © aarieees ot 
wv tw “=e 
ae ne Ly SYSSwSt 1aP Lat WH af dine al 06 ae 


ee 8 mame mie rete BL ais pinta 
cory tea velvatis mdse Wy s to hadalonna so othe 


jattomnit abt \s chin oy St wet rcenoee 















“tet et odio ame 2 ay sate) 9 hme —— 
1 Ve WAY Le mtn em jeans ad ars 








aah ome on eerures Senaling tcten ee 


— — &> 





ome 
Gees me —_ “6 Ms @ Duet 





When the caps were screwed on the ends of the housing 
pipes, the overall length was 28", with 27.5" between the cap 
shoulders. With a 10" test section, 2" of ceramic tubing, and 
@ 4.25" length of pipe, another 11.25" length of pipe was usec 
to cover the cistance between the cap shoulders. Thus, a con- 
tinuous channel of 1.05" diameter wac formed from the end of 
the inner screw cap to the end of the outer screw cap. When 
mountec in the hub, the entrance to the test section was lo-= 


cated 13.2" from the conter of rotation. 


oy 


Assemoly of the Test Arn 


Starting with the test section as shown in Figure 3, 
the test section was covered with the ceranio tubing. The 
terminal ends of the heating olements were then connectec in 
parallel by ring connectors which were connected tocether by 
short strivs of lio. 12 wire. The terminal ends were bent out- 
ward from the 1" pipe toward the ovter pipe, so that the tern- 
inal ends anc their comnections formed a ring micway between 
the two pives. Two No. 12 insulated wires were connected to 
a terminal at coach end. The tro at:ort sections of pipe were 
then inserted into the ceramic shoulders. A hole to pass the 
No. 12 wire was crilled in each end of the test arn. The 


wires were led through these holes to the outside as the test 
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section was inserted ‘nto the test arm. 


The Balance Arm 


The balance arm is the pipe housing the balance rod. 
These are shown in Figure 6. ‘he balance rod consisted of a 
standard 1" pipe, 275" lons, threaded on *he surface. Two nuts 
locked the balancins weight, a brass tube, between thom. Thread- 
ing on the pipe allowed fine adjustment of the location of the 
balaneing weicht. The balance rod wes turned down on both ends 


to fit “nto the eap shouiders. 


The Slis Ring Attachnent 


Figure 7 snows the slip rings and brushes in position. 
The brass slip rings were mounted on a flanged, hollow shaft, 
extending outward from the hub. The flange fitted nto a re- 
cess in the outer face of the hub and was attached to the hub 
by four }" bolts. To insulate the rings from the shaft, a 
flanged fiber sleeve was made, wit the flange end of the sleeve 
resting against the flange of the sheft. Then, alternately, 
brass rings and fiber rings were slipped over the fiber sleeve. 
To keep the rings from turning, the end of the shaft was 


threaded and e brass nut made, which forced the rings together 
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when tightened with a spanner wrench. 


The dimensions of the slip ring attachment are shown 
in Figure 8. The electrical connections were mace through the 
hollow shaft. For the two power leads, iio. 12 insulated wire 
was usec. On the first ring from the flance, for example, a 
hole larce enough for the bare wire to pass was crilled through 
the brass ring, fiber sleeve, and the nollow shaft. The brass 
ring was then removed, and a larger hole was drilled through 
the fiber sleeve and the shaft to pass the insulated wire. The 
insulation was removed from the tip of the wire. The brass 
ring was then slipped back into position, the holes matched, and 
the bare wire inserted into the hole of the brass ring and 
soldered to it. The wire was inserted from inside the shaft. 
The thermocouple wires were fiber class insulated and the same 
procedure used in connecting them to the rings. ‘When drilling 
the holes, the shaft was rotated for each connection, so that 
when rotating at high speec, the wires would lie against the 


shaft and not upon one another. 


The brushes used were Kimble electro-zraphite brushes, 
Now. 512. The brush holder consisted of a piece of fiber board 
with holes drilled out to fit the brushes loosely, and spaced 


to contact the brass rings. Brush tension was schieved in two 
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ways. The brushes were separately spring loaded, with 1.25" 
long Roe 2 compression springs. These were inserted into holes 
drilled into a plexiglass back plate, which was bolted to the 
fiber beard. The brush holder was mounted on a channel seotion, 
which was bolted to the movable portion of a test stanc placed 
in front of the test rig. Thus the brushes couic be raised and 


lowered at will. 


Kounting the Tost Kig 


Four stands wese used in mounting the test rig. The 
shaft wus mounted in four lafnir, LAK type, pilior blochs, con- 
teining self-aligning bearings. Two pillow clocks were bolted 
to the front plate and two on the back pieate. The plates were 
2" plates, 12% x 18". ech plate was bolted to two stancs, 
each stand bolted to the floor. Setween the plates, the chart 
was keyed for a quadruple browning V velt sheave with e °.4" 
pitch diameter. On the back piate, a “estinghouse tachometer 


generator was mounted anc connected to the shaft by a belt drive. 


Assembly of the Test Rig 


After the shaft was mounted in the pillow blocks, the 
hub was mounted on the end of the shaft. The test arm was pas- 


sed through the hole in the hub rim and the inner holding cap 
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screwed on tightly. The test arm was then pulled out so that 
the eap rested on the flat eurfece of the inner rim. A 1/e" 
set screw on the outer face of the hub rim heldc the pipe in 
place. Care was taken to see that the 1" pipe ends fitted in- 
to the cap shoulders. The balance arm was mounted in the sane 
way. Kext, the wires from the slip ring attachment were 
threacec through a 4" hole in the hub rim, end the flange of 
the alin ring etiachwernt was bolted to the rim. The wiring 
enc ingertion of thermocouples was then completed. The brush 
holder was mounted on its stand, and raised to make contact 


with the slip rings. 


Motive ower 


The ongine providing the power was an Onan, CK/SA 
type, rated 10 hp at 3000 rpm. It was mounted on two 2" x 5" 
channel irons bolted to the flocr. ‘Slots were cut in the top 
flanges of the channel iron, so that the proper tension on the 
dvelts could be obtained by moving the engine and then bolting 
it down. A quadruple sheave with a 2" pitch diameter was 
mounted on the enzsine shaft. The engine was started by using 


an aircraft inertia starter. 
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The Cantrol Yocom 


In the control room were located the following: an 
ignition switch and th:oettle for the engine, shaft RPM indica- 
tor, Brown Leoorder for temperature readings, a tl.ermocouple 
selector switch, a powerstat, yolimeter, anmeter, anc @ stop 


watch. 


The nower for heating the test seotion was talben from 
a wall souket, vasead throuch the powerstat, voltseter anc an- 


meter to the bmishes. The powerstat was rated at 230 volts, 


9 amperes. 


The leads from the thermocuuple brushes were passed 


through the selector switch and on to the Srown hecordcer. 


The throttle control was a Sperry hydraulic contrel. 
The engine had to be started in the test cell, using an air- 
craft inertia starter, but could be controlled from the ccntrol 
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PROC ROURKE 


In checking out the equipment, it was found that. the 
maximum pipe temperature that could bo maintained at hich HPM 
was approximately 409° !., with full power from the powerstat. 
Therefore, the following procedure was used. The engine was 
run at low speeds while tha test section heated up. When the 
test seuotion temperature became 700° ’., the stop watch waa 
Startec and the tenmveratures reoorded as of zero time. The 
throttle was then advanced to the noxt RrX and allowed to run 
for threes minutes, at which time the temperatures were again 
recorded, and the throttle advanced to the next RPii. The elec~ 
trieal power input to the test section was left constant. This 


procedure was followed until the maximum KYM was reached. 
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RESULTS AND DISCUSSION 


Three runs were made. The first two runs, shown in 
Tables I and II, were trial runs to observe the operation of 
the equipmen*, with anc without heat added, respectively. 
Therefore, no times were recorded. Veadings were taken when 
conditions seemed steady. These runs are recorded merely to 
indicate the trend of the reacings. (he low temperatures re- 


corded in the "no heat" run are of interest. 


The data for the test run is given in Table Iil, 
and the reduced deta in ‘fable IV. ihe test run was a deudle 
run, i.e., data was taken at increasing :.Pit's until the maxi- 
mum of 800 RP was reached anc then data for decreasins RIM's 


was taken. 


The reduced data in Table IV was computed assuming 
no heat losses from the test section. fiith power maintained 
constant at 610 watts, the wall temperature decreased as tho 
RPU increasec. Thus, the aspirated air flowing through the 
test section not orly absorbed the power input but also cooled 
the pipe. The timing between KP settings allowed calculation 
of this added heat absorption by the air stream. Thus, know- 


ing the rate of heat flow and the difference in temperature 
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between the wall and main body of the air, the heat transfor 
(surface convection) cooefficiert was computed from the formla 
q™h dg (Tp - Te) (1) 

where 

g * rate of heat flow, Btu/hr 

Ag * area of the surface, re® 

h * heat transfer ovefficient, Stu/hr M* F 

Ty % temperature of the wall, °F 


Oo 
Tq * average temperature of the main body of air, F 


The eentrifugal foree acting on the alr particles 
flowing through the test section could not be computed since 
only one property of the cooling air was k:own, 1.0., the ten- 
perature. However, centrifugal force is a function of the 
rotational speec. Thus, the values of the surface convection 
coefficient, as determined by equation (1), were plotted in 


Pigure 9 against rotational speed. 


Now, in order to make a comparison between the heat 
transfer coefficient obtained with rotation (due to centrifugal 
foree) and the heat transfer coefficient dus to forced convee=- 


tion only, the followin: was cone. 


From the data taken, the weight flow was computed 


from the formula: 
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q #we, (AT) (2) 
where 
q * rate of heat “lor, ttn /hir 
w "weight flow, Mb/hr 
Cp * specific heat of air, btu/1b OF 
AT * tomperature differences between leaving and 


o,. 
ontering air, i. 


The cowseuted values of w for each RPM are given in 
Table IV. rrom the continvity equation, the mass velocity of 
She air was conputed, 
wt FuA = GA (3) 
whore 
G = (Pu) mass velocity, lb/hr rte 


A earea of test section, ete 


Using the valves of CG as computed for each weight 
flow at cach RPM, the surface convection coefficient due to 


foreed convection was computed from the simplifted formula 
0.8 
GY* 

h?C rrr (4) 


whore 
C ® constant 
Db ® diameter of test section, ft 


G = wasn volocity, 1>/hr ree 
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Equation (4) ie given as equation (6-8) of reference 
(>), in which values for the constant C for air at various ten- 


peratures are given in fable des. 


Sinee the heat transfer coefficients computed by 
equation (4) were based on the weisht Clow from the teat data 
at cach RPM, they were aiso pletted in Figure 9. Thus, Fig- 
ure 9 should be read as follows: Fach RDM indicates a certain 
weicsht flow. This weight flow throush a static rig would have 
a heat transfer coefficient indicated by the forced convection 
curvo. Ina rotating rig, this seme weight flow would have a 
heat transfer coefficient indicated by the centrifugal force 
eurve. Tho weight flows for each KPH are given in Table IV. 


Thus, for a given weipht flor of cooling air, centrifugal 


foree tends to incregse the ':eat transfer coefficient. 


Cogniaance must te taken of the fact that only ea 
short range of rotational speeds were covered in the test runs. 
In addition, tie computations were based cn the assumption 
that no lowses existed. Tiese factors anc the inaccuracies in 
reading the frown Aecorcer, with marked intervals of 20°, can- 
not allow any quantitative results. Thus, the straight lines 


drawn in Figure 9 are not necessarily su. 


The teat run was mace under transient thermal condi- 
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tions, as inciecatw vy the Lost data. This was done purposely 
since the time requirad to reach stable conditions at oach RP 
setting was too great, e.g., the wall temperature of the pipe 
was increasing at the rate of 10° . peor minute after 15 min- 


uses of werm-up tino when sero time was recorded. 


the transient thermal conditions thus made the caleu- 
lation of heat losees impossible. In the Lample Calculations 
section, heat losses were caleviatec from the test section to 
the outside air through the alr cylinder surrounding the test 
section. The heat losses caloulatod are very low, because they 
were based on a stagnant air cylinder. Circulation of the air 


within this cylincer would greatly inerease the nent loss rate. 


An indication of the megitude cf the heat losses 

are attested to vy the nich inlet air tenperatures. Yheso air 
temperatures show “hat “ho air was bein; heated prior to enter- 
ing the test eection. At the slow RY and the consequent low 
woicht flow, the air inlet temperature reached 540° F. in 18 
minutes from 80° F. atmospheric air. Jiowever, at 800 RP the 
inlet air tornperature was recorded as 60° F. Yhen the rote- 
ticnal speed was decreased from 800 RPN to 459 RYM, an elapsed 
time of 21 minutes, the inlet air temperature was only 96° F., 


1s* 
or & 9e PF. increase above atmospheric air whon flowing ‘through 
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the first 11} of pips ahead of the test section. At the sane 
time, the difference in the temperature between entrance and 
exit air was 175° F. Thus the heat lost to pipe ahead of the 
test section is roughly 10% of the heat acded to the test sec- 
tion. In addition to this loss, a further loss to the pipe 


aft of the test section exists. 


All these lossas decreased the power input to the 
test section. Consequently, the heat transfer coefficient due 


to centrifugal force as computed by equation (1) are too high. 


From the test data taken, the results tend to sure 
gest that centrifugal increases the heat transfer coefficient. 
Nodifications to the test section will be required in order to 
calculate the neat losses. These modifications should be such 


es to enable the operatcr to establish steacy conditions. 


As a matter of interest, the Reynold's Number for 
both heat transfer coefficients was computed from the forced 


convection formula 


\ 0.8 


where k for air was computed from lucken's fornula 


ag2ac 7 3/2 
<**s2 “pre (aoe) (6) 


Results are tabulated in Table V¥. For a given weight flow, the 
Reynolds number as computed for the centrifugal force heat trans- 


fer coefficient is a fictitious value and is desirnated as F. 
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CCL MIO AR REC QU DATI ON 


The test run mace and the results vdtained tend to 
suggest that centrifugnl force will increase the heat transfer 
eoefficiont. ‘terification of this and the amount of increaso 


must be established by further testing. 


In making future tests, the following changes to the 


test ri¢ aro reoomended: 


1. heplave ongine used for notive power with a more 


powerful enine te attain higher and lower rotational speeds. 
oe Vseea more accurate Kr indicator. 


Ge Uso o ticher rated paverstat in arder to be able 
to stat@ize conditions anc determine accurately the power ab- 


sorbed by the cooling air. 


4. lLevise means for accurately ceternining heat 


losses under steady state coniitions. 


5. Use separate potentioneters for each thernooouple 


for nore accurate temperature reacings. 


G6. With the teat arm horizontal, supply cooling air 


from an outeide source for poreed convection. Luplicate these 
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results with centrifugal foroe. 


7. Use ea test section with a emooth inner surface 
and compare results of tests on it and tle tost section used 


in this experiment. 


GS. DLevise a method to install an orifice meter at 
the hollow shaft of the slip ring attachment to accurately de- 
termine tho weight flow passing through the test section anc 


thus check data results. 
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FORMULAS AYU SAMJLE COMVUTATIONS 


From line 5, Table IV: 


Bqe (1) @ = Ree 4a (Tp - Ta) 


whero 


G * Peqt watts x 5.412 Btu/hr 


watt 


Prot * 5 . APp 


Ds 2 power input to heat pipe, watis 


ADD = power loss in pipe cue to temperature de- 
creage, watts 


Py, ® 90v x Sa = 810 watts 


oO 
AD, = wt of pive (lbs) x sp ht x F drop 
Ooe812 x time, hrs. 


10 
= 1.689 lbs/ft x TZ ft x .12 Stu/ib °F x 45 
Se4l x e hrs 


AP, 2 44.6 watts 
F 


. Peog = 8210 4 44.6 © 654.6 watts 


q = 354.6 watts x $.412 Stu/hr 


watt 
q 5 2015 htu/hr 


Te "22375 
2 


T, © 210 4 85 
m 


Tq * 147.6° F 
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g—.— 
Noo * Ag (Tp - Te) 


2915 Btu/hr 
hee * 1 (=) =) pr (495 - 147.5) °F 


h. = 2915 = 37.8 Btu/hr ft? OF 
‘ec ete x 337.5 u/ " 


Equation (2) 


wet, oF 


D 
AT = Ty - Ts 


AT = 210 - 85 = 125° F 


a¢ 2915 Btu/hr 


w= 97.1 lb/br 


Equation (F) 


, g28 

het = © sOc2 
G = fV Sw = 97.1 lbf/pr 
A 1.05 2 


ig rt? 


G = 97.1 = 16,200 lb/pr rt? 
2006 


C = .00346 for air at 140° F, Table 6-3, ref. (a) 
p%2 2 0.614 


hep ® 200346 (16,200)9°8 = 00346 (2520) 
0614 ~ 614 


hep * 18.1 Btu/hr ft °F 
Equation (6) 


k @keo 492 4C T 
se “Fae (493) 3/2 Btu/hr re” °P/et 
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For air: kzo = 0.0125 


C = 225 
fT = (147.5 + 460) ° Fabs 
3/2 
k = (.0125) 492 4 225 | 607.5 
(So775 2 bas) apa) 
k = (.0125) , 717 
(asq.5) (1-37) 
% 2 .0147 


Equation (§) 


kK (yy 906 
hep = +0202 ~ (tip) , 


0.8 Hef x D 
Ye Sih 3 


7 1.05 1.25 
Kp 8 (13.1) x (= | 
09202 x 9147 


Nz = [3360] ***° 


Np # 30,100 


Heat loss: 
Compute radial heat loss from test section to outside 
air, assuming the stagnant air betweer the test section and 


test arr as the only barrier. 


q, = 2k (t2 - 2) 
1 loge (re/r}) 


t, = temperature of inside surface (temp. of wall) 


75 
sine * (eb em) B 
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t. = temperature of outside surface (atmospheric 
air temp) 


PP) and rg © inner anc outer radii of air 


The air cylinder was assumed as 2", inner cianeter 


and 2.9" outer diameter. Thus, the losses are oxacrorated. 


For 800 huts 
t, = 410° P 
to = 80° F 
k, * ©0136 Btu/ or hr ee” /et (for air) 


. 277 (,0186){(410=30) _ 2 1'(.0196) (510 

q, = rs mis 1 Atitme ) Btu/hr ft 
> Ta 

q, = 98 Btu/hr % 


Q, = 95 x 9.5 ft = 77.5 Btu/hr 
Tz” 


At 460 RPM: 
= 2t (0186 ) (520-80) 


q) * 182 ftu/hr ft x 9.5 ft 


12 


@, = 104.5 Dtu/hr 


The log mean tomperature difference on two sides of 


the films 
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At GOORPM: 2 2410°F 1, 5 165°F 13 = 60°F 


—" 155-690 . 95 | 
ra eee v ; Ge e 
Ce 255 


@,7_95 = 300° F 
751? 


At 450 Keir 7), = 620° 7) = 270°F 13 = 95°P 
270-95 | 176 


lie B50 
g, 526 


Corrected h at SOO RP: 


» = 279) _ 2815-7725 
. Ag?m » 0229 x 500 


2787 05S 


h * 355 5 205 * 59.8 


at 40.5-39.8 of 
fo error = —“30.8 +“ 35.8 * 1.76% increasing 


Corrected h at 450 RPM 


hs 9°) . 2700-105 
As?n e220 x 2526 


= 2595 
h = [229 x 506 * S#-0 


= 54 09-3448 el 
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WMENCLATITIC 


Area 

surface area 
~pecific heat 
Cou.stant 
Uiameter 

Mase velocity 


ourfiace coefficient due to 
centrifugal force 


Surface coefficient due to 
forced convection 


Thermal conductivity 
Reynolds number 
Pseudo-Reynolcs number 
Power 

Nate of heat flow 
Temperature 

Average temperature of air 
Temperature of teat section 


Velocity 


SQe f&~ 
SQe . 


itu/tb Or 


rt 
Lb/pr rte 
Btu/ne ce? OF 


Btu/nr st” OF 


Btu/hr Pt® °F /et 


watts 
Btu /he 
Oy 


a 


OF 


rt/hr 
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TEST RIG CHECK OUT. 


Volts Amps tT) 
83.5 8.2 474 
89.0 9.0 470 
90.0 9,0 510 
89.0 9.0 200 
89.0 9.0 185 
89.0 9.0 145 
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TABLE III 
TEST RUN 
Barometer 29.22” He Temperature 80° F 
RPM Time, min. Volts Amps qT) To Tg 
500 0 90 9 560 710 340 
400 2 90 9 530 690 500 
500 5 90 9 400 645 160 
950 8 30 9 510 580 110 
600 ll 90 9 260 530 100 
650 14 $0 9 210 485 85 
709 17 90 9 200 455 75 
759 20 90 9 165 425 60 
800 20 90 9 155 £10 60 
750 26 90 9 160 415 60 
700 29 90 9 175 425 62 
650 52 90 9 180 435 65 
600 35 90 9 200 460 70 
550 58 99 9 210 £80 78 
500 41 90 9 250 500 85 
450 44 90 9 270 520 $5 


400 Arcing at brushes 


Note 1. Nomenclature: 
Ty, = Sxit Air Temperature, °F 
To * Viall Temperature, °F 
Ts = Entrance Air Temperature, °F 


liote 2. Time required for To to reach 700° F at 300 RPM 
was 18 minutes. 
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